
Claire Granier 
LATMOS/IPSL, Paris, France 

Currently on-leave  
at the Max Planck Insitute for Meteorology, Hamburg 

Also at the NOAA Earth System Research Laboratory, Boulder, USA 

claire.granier@latmos.ipsl.fr 

Consistency between surface emissions 
at different scales for use in regional and 

global forecasting models  



Co-authors: 

Ariela D’Angiola, CNRS and University Pierre and Marie Curie, 
LATMOS, Paris, France   

Sabine Darras, Cathy Liousse, Laboratoire d’Aérologie, 
Toulouse, France 

Hugo Denier van der Gon, TNO, Utrecht, The Netherlands 

Greg J. Frost,  CIRES, University of Colorado, Boulder, CO, USA and 
NOAA/ESRL Chemical Sciences Division, Boulder, CO, USA 

Jean-François Lamarque , National Center for Atmospheric 
Reserach, Boulder, CO, USA 



Why do we need to use consistent global/regional emissions? 

  Results of global models are used as boundary conditions for regional 
models 

  For projects doing both regional and global forecasts, such as MACC  

  When studying trends  
calculated by global and  
regional  models, we need  
to be sure that trends  
in emissions are consistent 

From Colette et al.,  
ACP 2011: 1997-2008 NO2 
trends from global/regional 
models  



MACC: Monitoring Atmospheric Composition and 
Climate: http://gmes-atmosphere.eu   

Air quality 

Global 
Pollution 

Aerosol UV index 

Reanalysis 

MACC: until Dec 2011; MACC-II: since Nov 2011 



The ACCMIP  emissions developed for the IPCC AR5 
report = Consistent long-term emissions dataset 
[emissions for Atmospheric Chemistry and Climate 
Modeling Intercomparison Project] 

Developed in 2008-2009 by an  
international group 

  Developed in support of the  
IPCC AR5 report 
  Anthropogenic and biomass  
burning emissions 
 Period covered: 1850 – 2000 
 Available for each decade 
  no seasonal variation 
 0.5x0.5 degree 

  Details in Lamarque et al., ACP 2010  



  
MACCity Emissions dataset: 

(Emission dataset  developed within  
two EU projects: MACC and CityZen) 

After 2000, no global emissions dataset available  
 Use of one of the IPCC future scenarios (RCP 8.5)  
for 2005, 2010 and 2020. 

MACCity anthropogenic emissions: 
  Linear interpolation for 1980-2011 of ACCMIP and RCP8.5 
emissions 
  Implementation of seasonal emissions from the RETRO emissions 
(Schultz et al., 2007) 



Are any of these emissions accurate? 

  A systematic evaluation of surface emissions has started within 
GEIA (Global Emissions Inventory Activity): geiacenter.org 

  Open to all people willing to propose new data / analyze results 

  Start with the 1980-2010 period (extended to 1970-2011) 

  Only publicly available gridded inventories considered so far 

  Focus on: CO, NOx, SO2 and BC (current work: CH4, OC, total 
NMVOCs and NH3) 

  Evaluate the consistency of emissions in Europe, US, China and 
India   [Canada, South America, Africa, and Oceania are under way] 



Up to now: only total anthropogenic emissions 

  Most global inventories use the IPCC sectors 
  Regional inventories developed by regulatory agencies 
use SNAP or other sectors  

IPCC  sectors 

SNAP  sectors 



Examples of comparison of anthropogenic emissions 



CO Western and 
Central Europe: 

Global inventories 

+ EMEP and TNO 
EU inventories 



CO USA: 

Global 
inventories 

+ EPA US 
inventory 

CO China: 

Global and 
regional 

inventories 



Examples of comparison of anthropogenic emissions 

SO2 USA: 

Global 
inventories 

+ EPA US 
inventory 

SO2 China: 

Global inventories 

+ REAS and 
ACCESS (Streets) 

regional 
inventories 



Summmary: ratio between highest and lowest emissions 
Green: 
1 to 1.25 

Yellow: 
1.25 to 1.5 

Orange: 
1.5 to 1.75 

Grey: 
Above 1.75 

But: consensus 
among datasets 
does not mean 
emissions are 
correct  



14	  

 A few examples of uncertainties in emission inventories 

  several inventories are non-transparent about method and data 
  difficulties to compare data for sectors of different definitions 
  lack of different independent inventories 
 lack of measurement data and model studies to confront 
inventories with 

More details in: Granier et al., Evolution of anthropogenic and biomass burning 
emissions of air pollutants at global and regional scales during the 1980-2010 period, 
Climatic Change, DOI 10.1007/s10584-011-0154-1, 2011.  

  Large diversity in space and time, difficult to quantify 
  Lack of information: non reported, not existing 
  Extrapolation errors when information is lacking 
  Measurement errors, for example for emission factors 

  



Main issues the Emissions group in MACC-II will look at:  

Issue 1: VOCs speciation 

  Only total VOCs reported  
in inventories 
  Atmospheric models  
need to know the detailed  speciation on emissions 
  Models use their own speciation, but how           

accurate is it?  

Work is currently being done to use observations of VOCs for 
defining a new speciation in inventories  



How	  to	  implement	  such	  temporal	  
profiles?	  	  
detailed	  data	  only	  easily	  and	  freely	  
available	  for	  a	  very	  few	  countries	  
Are	  there	  any	  recent	  data	  
available?	  

Season	  
VOCs	  

CO	  weekly	  emissions	  

Issue	  2.	  Temporal	  variaCon	  

NOx	  diurnal	  emissions	  



PM	  

Marine	  aerosols	  
(NaCl)	  

Biological	  material	  
(pollen,	  spores,	  …)	  

H2O	  
Resuspended	  dust	  
(crustal	  +	  Ares,	  breaks,	  ...)	  

Inorganic	  emissions	  
-‐	  minerals	  (SiO2,	  …)	  
-‐	  metals	  (Pb,	  Fe,	  Zn,	  …)	  

Elemental	  C,	  parAculates	  

Organic	  C,	  parAculates	  

Semi-‐volaAle	  	  
organic	  compounds	  

Organic	  C,	  gaseous	   NH3	  SO2,SO4
-‐-‐
	  

H2SO4	  

NOx	  

NH4NO3	  

(NH4)2SO4	  

Issue 3: How to 
speciate PM 
emissions ?  



Issue 4: Consistency between spatial distributions 

CO in Europe                                         OC in Asia 



Issue 5: emissions from ships : very large inconsistencies 



Where to find the emissions used in the 
intercomparison 

- Most of them are available from the ECCAD database  
= Emissions of atmospheric Compounds & 
Compilation of Ancillary Data 

http://eccad.sedoo.fr 

ECCAD is now the database of the GEIA (Gloabl 
Emissions Inventory Activity): geiacenter.org 



ECCAD – Emissions Totals 
Global 

Total NOx, 
Residential,  
year 2005 : 
 6.24 Tg/year 

Totals for 
different 
regions 

Total by 
regions :     
from 0.1 to 
1.18 Tg/year 

Output in 
excel/csv 



ECCAD would be very interested in providing access to more regional 
data: inclusion of data for US and India in progress, more welcome 
Any format is OK: the French/NOAA group will do all formatting work needed 



From the Frost et al. Poster presented yesterday 

More discussions: GEIA conference on Emissions to Address 
Science and Policy Needs; Toulouse France June 11-13, 2012 



Thank you for your attention 



CO emissions from different available global datasets for 2005 


